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EXECUTIVE SUMMARY

The purpose of this study was to assess the water resource availability of
the mid. and .lower Hawthorn aquifers in the Cape Coral area based on existing
information. |

Data compilation was a major task in the study. Geologic logs were used
to identify. the location of the aquifers and their confining layers at all
points available. All  known aguifer transmissivities and storage
coefficients were collected. Although they were 1limited for the lower
Hawthorn aquifer, this information was used to map out the details of the
aquifer system. In addition, reliability of each of the parameters was
guantified.

Historical and projected population of the area was compiied to estimate
different water requirement scenarios in future years. Distribution of future
irrigation reguirements wére correlated to the projected future population
distribution. Seasonal water use variations were also considered.

The U.S. Geological Survey two-dimensional groundwater flow model was used
for this study. Each aquifer was considered to be semi-confined and
independent with differing leakance levels. Different simulation scenarios
are presented in map form in the text.

Based on this study, it is concluded that approximately 10.5 MGD can be
pumped by Cape Coral from the lower Hawthorn aquifer through 1990 without
major impacts on the water users in the area. [t is recommended that the
results .obtained for the Tower  Hawthorn aquifer he verified by field
observations through the installation of a monitoring network. Additionally,
data collection should be initiated to compile hydraulic properties and water
guality data within the Floridan Aquifer System for more precise predictions

of future impacts.



The mid-Hawthorn aquife: is currently being overstressed with 80 percent
of the water withdrawn coming from leakance from other aquifers. Continued
excessive pumpage of the mid-Hawthorn in this area may result in wellfields
running dry and/or irreversible deterioration of water quality to below public
drinking water standards. Therefore, alternate sources of water to minimize
the irrigation and municipal withdrawal from the mid-Hawthorn aguifer is

recommended.
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PURPOSE AND SCOPE

The South Florida Water Management District initiated this study because
of the continued decline of water levels in the mid-Hawthorn aquifer and a
request by the City of Cape Coral for additiomal quantities of water from the
lower Hawthorn aquifer. This report follows an interim summary of the
hydrogeologic conditions in this area which was presented to the Governing
Board in April of 1984. The purpose of this study is to:

1. Accumulate existing data on the hydrogeology of western Lee County.

2. Review population projections from several sources and develop future

water requiremént estimates.

3. Calibrate numerical models of the mid and lower Hawthorn aguifers,

4. Determine the impact of future water withdrawals on the aguifers using

the calibrated numerical models.

This study is limited to the assessment of water resources for the mid and
lower Hawthorn aquifers in the Cape Coral area. The U.S. Geological Survey
two-dimensional flow model was used for groundwater simulations.  Numerous-
simuTation runs were made to determine the impact of withdrawals on the
aguifers until the year 2005. In addition, aquifer parameters were varied in
model runs, due to an insufficiency in existing data, to determine their

effects on the potentiometric surfaces.




INTRODUCTION

The area of concern in this study is the western half of Lee County,
Florida, specifically a 135 square mile area within latitudes 26°48'00" ;
26°18'30" and longitudes 82%16'00"; 81%46'00" (Figure 1). Of primary concern
in this area is Cape Coral, bordered by the Caloosahatchee River on the east
and by the Gulf of Mexico on the west.

The area now occupied by Cape Coral was originally a low lying pineland
subject to frequent flooding throughout the year. It was cleared and platted
in the early 1960's for residential development. To alleviate the probiem of
flooding and to provide residents with access to the Gulf of Mexico, a complex
network of canals was established throughout the deveiopment. Early residents
utilized the mid-Hawthorn aguifer as a source of potable and irrigation water.

By the mid 1970's, several municipal wellfields were developed into the
mid-Hawthorn aquifer to supply residents with potable water. The combined
effects of municipal, domestic, and irrigational use of the mid-Hawthorn over
the years resulted in large scale declines in the potentiometric surface of
the agquifer. By the late 1970's it had become apparent that the mid-Hawthorn
alone could not support the rapid growth in Cape Coral and a 3.0 MGD reverse
osmosis (R.0.) plant was constructed and upgraded to 5.0 MGD in 1982 to
withdraw and desalt water from the lower Hawthorn aquifer for potable gupp1y.
Despite the construction of the R.0. plant, water levels in the mid-Hawthorn
aquifer continued to decline into the 1980's. In 1984, failure of the R.O.
membranes resulted in additional pumpage from the mid-Hawthorn wellfields.
Under the ﬁncreased stress, the potentiometric levels within the mid-Hawthorn
wellfields dropped below the base of well casings in the majority of the
existing wells causing an emergency water shortage.

To prevent this problem from occurring in the future, the City of Cape

Coral has approved the expansion of the existing R.0. plant to meet future
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potable needs. Therefore, the development potential of both the mid and Tlower
Hawthorn aquifers needs to be defined in order to provide technical support to

water managers.




GEOLOGY

Figure 2 shows the major stratigraphic and hydrogeologic units of concern
in the study area. The stratigraphic column was constructed from a continuous
core drilled in eastern Lee County and the descriptive terminology is based
upon work done by Wedderburn, et. al. (1982) and Scott and Knapp (in press).
The Suwannee Limestore, \Iampa Formation, Hawthorn Formation, Tamiami
Formation, and undifferentiated terra;e deposits are the major stratigraphic
units encountered in the upper 1000 feet of sediment. Structural contour and
isopach maps referred to in this and following sections are shown ih
Appendix I. These maps were constructed using the statistical methods
discussed later in the text. The majority of data points used to construct
these maps were taken in the Cape Coral area alone (Figure 3). As a result of
the limited data, even with the use of statistical methods, the maps become
inaccurate outside of the Cape Coral area. For a more accurate regional
picture of the hydrogeologic units in Lee County the reader is directed to
Wedderburn et. al., 1982.
CENGZOIC ERATHEM

Oligocene Series

Suwannee Limestone

The term "Suwannee Limestone" was established by Cooke and Mansfieild
(1936) for limestone exposures along the Suwannee River, from White Springs to
the confluence with the Withlacoochee River. These exposures contain the

echinoid Rhyncholampas (cassidulus) gouldii, Bouve. Within the type area, the

formation normally occurs as a very pale orange, moderately indurated, very
porous calcarenite with numerous foraminifera, mollusks, and echinoids present
(Ceryak, Knapp, and Burnsen, 1983).

The Suwannee Limestone in the Lee County area shows many variations From.

that of the type area. It is predominantly a very pale orange to tan medium
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grained 1limestone (calcarenite), but tends to be very sandy and slightly
phosphatic. Characteristic fauna that assist in delineating the faormation in
other areas of Florida are restricted to the Jowermost intervals of the
Suwannee in Lee County. The unit in Lee County }15 normally picked on a
decrease in radioactivity as depicted on the natural gamma ray logs
(Figure 2). Lithologically, however, the beds assigned to the Suwannee are
more easily placed within the Tampa Formation (Scott and Knapp, in press).
However, %or the purposes of this study the top of the Suwannee is picked at
the decrease in gamma activity.

The top of the Suwannee Limestone in the .study area dips in a southerly
direction ranging from -500 ft. NGVD at the Lee-Charlotte county boundary to
near -750 ft. NGVD in the Ft. Myers Beach area (Wedderburn, et. al., 1982).
The boundary between the Suwannee Limestone and the overlying Tampa is
gradational and the two units could easily be placed within the same
formation. The base of the Suwannee is known to 1lie disconformably upon
1imestones of the Ocala Group (Wedderburn, et. -al., 1982} in this area.
Within the study area the base of this unit probably lies between -900 ft.
and -1200 ft. NGVD, although data is sparse.

Miocene Series

Tampa Formation/Hawthorn Formation

Miocene age sediments within the study area are placed within two
formations, the Tampa and the Hawthorn (Figure 2). This is done in light of
the recent proposal by Scott and Knapp (in press) to upgrade the Hawthorn to
group status. The group can be divided into at least three lithologic units
within the study area. In descending order, these formations are: an upper
clastic, a lower carbonate, and the Tampa Formation.

The name "“Tampa Formation” was first used by L. C. Johnson in 1888 for

limestones that crop out near the City of Tampa in Hillsborough County,

“11-




Florida. = Within the Lee County area, Sproul (1972) described the "Tampa
Limestone" as a "grayish yellow sandy limestone with some black
phosphorite...". Missimer and Banks (1981) and Wedderburn, et. al. (1982),
chose not to identify the Témpa s & separate formation and included it within
the Hawthorn Formation. This was necessary because of the high percentages of
phosphate present in the strata. Scott and Knapp (in press) chose to use the
term. Tampa Formation when carrelating the Hawthorn “Group" within south
Florida, because it showed marked differences from the lithologies in the
upper portion of the Hawthorn. Despite the high sand and phosphate content
within this zone, its overall texture, fauna, and lithology is equatable to
the Tampa Formation in tHe type area. The Tampa Formation in southwest
Florida and the study area is a white to very pale orange, biogenic, micritic
very fine grained limestone that contains up to 10 percent quartz sand.
Phosphate content varies from a trace to two percent, but in some intervals it
may be as high as 15 percent (Scott and Knapp, in press}. Dolaomite beds occur
infkequent]y throughout the unit,

The top of the Tampa Formation dips in a southerly direction from the
Lee/Charlotte county boundary through the study area. The top has been logged
as shallow as -350 ft. NGVD and as deep as -650 ft. NGVD in this area. The
average thickness is generally 150 feet and normally does not exceed 200 feet.
As mentioned previously, the contact between this unit and the underlying
Suwannee is conformable and gradational in nature. In the future, the upper
portion of the Suwannee will probably be included within the Tampa on the
basis of sand content, texture, and microfauna.

Dall and Harris (1892) first used the term "Hawthorn beds" for phosphatic
sediments being quarried for fertilizer near the town of Hawthorne, Alachua

County, Florida.

_12-




The Hawthorn has long b:en a confusing unit in southwest Florida and Lee
County in particular. The reason being that most author's have chosen to use
Parker's (1955) definition of the Hawthorn and the overlying Tamiami. This
definition does not comply with the U. S. Code of Stratigraphic Nomenc]ature
(Hunter and Wise, 1980, 1980a). In recognition of this discrepancy,
Wedderburn, et. al. (1982) and Scott and Knapp (in press) have placed the
upper boundary of the Hawthorn in Lee County at the first occurence of a
"green to gray phosphatic, sandy, slightly clayey dolosilt". No formal names
have been applied to any beds within the Hawthorn in this area, although
informal units such as the Cape Coral Clay, Lehigh Acres Sandstone, Ft. Myers
Clay, and Twelve Mile Slough Limestone, have been associated with some beds
(Missimer, 1984). These informal units, although useful on a local scale are
difficult to correlate regionaily.

Mdre recently, the formation has been diséussed in detail by Scott (1981)
and_Scott and Knapp (in press). They described the Hawthorn as "comsisting of
various mixtures of clay, gquartz sand, carbonates (dolomite to 1imestone) and
phosphates". In the latter publication the Hawthorn is discussed informally
as a group and the recommendation is made to raise it to such.

On a regional scale, two units are recognized in southern F]orida; These
units, an upper clastic unit and a lower carbonate unit, are easily discerned
in the study area. Figure 4 shows a stratigraphic column constructed from a
continuous core drilled at the Cape Coral Reverse Osmosis Plant. The upper
clastic unit was penetrated at 16 feet below land surface. [t was 75 feet
thick and consisted‘primari1y of an olive gray, phosphatic, sandy and clayey
dolosilt. The lower carbonate unit was logged from 90 feet to 425 feet below
land surface. It consisted primarily of sandy and phosphatic dolomitic

limestone, but was lithologically variable with interbeds of clayey sand and

dolosilt.

_13-
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Miocene/Pliocene Series

Tamiami Formation

The term "Tamiami Limestone"™ was proposed by Mansfield (1939) for a
fossiliferous sandy limestcne about 25 feet thick penetrated in shallow
ditches along the Tamiami Trail (U. S. Route 41) in parts of Collier and
Monroe Counties, Florida. The literature concerning this unit is extensive
and the reader who desires more detail of its history is referred to
Wedderburn, et. al. (1982) and Peck, et. al. (1979). In Lee County the base
of the Tamiami was recognized at a major disconformity (Missimer, 1978) that
has since been shown to be within the Hachorh (Missimer and Banks, 1981,
Wedderburn, et. al., 1982 and Scott and Knapp (in press)). The lower boundéry
of the Tamiami in the study area is recognized at the contact betweeﬁ the
sandy limestones of the Tamiami and the olive gray, phosphatic, very sandy and
clayey dolosilts of the Hawthorn.

Within the study area the Tamiami does not exceed 50 feet in thickness and
averages about 20 feet. It normally occurs as a moderate to well indurated,
biogenic, medium grained, fossiliferous, sandy limestone (Ochopee)} or a poorly
indurated slightly sandy, locally somewhat phosphatic, fossiliferous limestone
(Buckingham). These two members appear to represent laterally equivalent

facies.

Pleistocene/Holocene Series

Undifferentiated

Undifferentiated deposits of varying thicknesses and lithology blanket the
surface of the Tamiami Formation throughout the ‘study area. A large part of
these depdsits is composed of quartz sand with minor percentages of shell and
clay {(Knapp, 1980 and Lane, 1981). The sand is subangular with medium
sphericity and sometimes frosted. In addition to the sand, numerous

interfingering limestones, sandstones, and shell beds are present locally.
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HYDROGEOLOGY

The. sequence of rocks underlying the study area can be grouped into three
major aquifer systems, the Surficial, Hawthorn, and Floridan (Figure 2}. The
Surficial Aquifer System inc]udes a1l water bearing strata from land surface
to the top of the Hawthorn Formation. The Hawthorn Aquifer System contains at
feast two major aquifers (the Sandstone and mid-Hawthorn), but the system acts
as a confining layer to the Floridan. The Floridan Aquifer System is the
largest regional water bearing unit in the southeastern United States. The
upper.two aquifers within this system in the study area are the lower Hawthorn
and Suwannee. |

Various problems arise with the terminology used by different government
agencies and consultants when addressing the aquifers within the study area,
Figure 5 shows the relationships of these designations within the study area.
The  two aquifers of primary concern to this study are the mid and lower
Hawthorn.

Surficial Aquifer System

The Surficial Aquifer System in this area normally occurs as a water table
aquifer. In areas further to the east and south it contains a lower semi-
unconfined aquifer referred to here as the lower Tamiami aguifer. The beds
comprising the Surficial Aquifer System in the study area are predominantly
medium to fine grained sands with varying percentages of shell and sometimes
- calcareous clay. These beds exhibit intergranular porosity estimated between
15 and 40 percent with a moderate permeability. The basal beds within the
system are normally sandy limestones assigned to the Tamiami Formation. These
limestones sometimes exhibit high solution, moldic and channel porosity, but
usually are moderately to poor1¥ indurated and very fine grained with overall
Tow permeability. They are relatively thin ih Cépe Coral, not exceeding 15

feet, and do not represent a significant water bearing unit.
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The thickness of the Surficial Aquifer System averages about 30 feet in the
Cape Coral area and increases to the southwest (Wedderburn, et al., 1982).

Water levels of the Surficial Aguifer System normally do not exceed +10
ft. NGVD in the Cape Coral area. The Matlachee Pass and Caloosahatchee River
act as regiona1rbase levels for this system and aguifer gradients are towards
these surface water bodies. However, during high ;1des, hurricanes, or other
high rainfall events, the possibility exists for gradient reversals from
surface water bodies.

The major source of freshwater recharge to the aguifer system is by direct
infiltration of precihitation. This 1is evidenced by higher water levels
during the wet seasen and the rapid response of hydrographs to rainfall
events. Surface water bodies such as rockpits, canals, Tlakes, the
Caloosahatchee River and adjacent coastal_ waters are another source of
recharge when their water levels exceed that of the Surficial Aquifer System.

Estimated transmissivities for the Surficial Aquifer System in Cape Coral
range from 10,000 to 50,000 gpd/ft. However, due to the relative thinness of
the aquifer along with the proximity of saltwater, this system has poor
potential for large scale water production.

The water quality of the Surficial Agquifer System 1in Cape Coral is
generally within potable standards and is charaqterized by high dissolved iron
and variable chloride concentrations. Chloride concentrations range from 50
te 10,000 mg/1 with the highest levels occurring adjacent to the coast. Iron
concentrations range between .1 and 1.0 mg/1, imparting a disagreeable taste
as well as causing staining of fixtures, laundry and buildings.

Hawthorn Aquifer System

Within Lee County the Hawthorn Aquifer System consists of five zones
(Figure 2). A1l of these zones tend to be sandy, phosphatic, calcareous and

do]omitic. The confining zones are predominantly clayey dolosilts usually
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interbedded with shell beds or poorly indurated limestones. The water
producing zones are farmed by limestone, calcarecus quartz sand, sandstone and
dolomite. In the Cape Cor;l area three of these five zones are present
(Figure 4). These zones are the mid-Hawthorn confining zone, mid-Hawthorn
aquifer and lower Hawthorn confining zone. The mid-Hawthorn confining zone is
present wholely within the upper clastic unit of the Hawthorn Formation. The
mid-Hawthorn aguifer and the .lower Hawthorn confining zone are part of the
Tower carbonate unit of the Hawthorn Formation.

The mid-Hawthorn confining zone in the study area has an overall very low
permeability owing to the silt size and dense packing arrangement of matrix
components. [t is comprised of clayey dolosilts with thin interlayers of
gquartz sand and phosphate. This unit effectively retards vertical flow of
water between the surficial system and the mid-Hawthorn aquifer. In other
areas of Lee County the upper clastic unit can be divided into three zones;
the upper Hawthorn confining zone, the Sandstone aquifer, and the mid-Hawthorn
confining zone (Figqure 2). The Sandstone dquifer is a regionally significant
water bearing unit, however, it is not present in the Cape Coral area due to
erosional and/or depositional processes.

The top of the mid-Hawthorn confining zone occurs between +10.0 ft. NGVD
and -72 ft. NGVD in the study area. [t dips in a southwesterly direction from
the northern perimeter of the study area and attains thickness on the order of
150 feet.

The water producing limestone, dolomites, and sandstones that lie below d
regional disconformity (Missimer, 1978) are referred to in this report as the
mid-Hawthorn aquifer. This unit is also referred to as the "Upper Hawthorn
Aquifer" by the U.S. Geological Survey (Sproul, et al., 1972; Boggess, 1974)
and as "Hawthorn Aquifer System Zone 1" by Missimer and Associates (1984)

(Figure 5). The term "mid-Hawthorn" (Wedderburn, et al., 1982) is used in
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recognition of the proper position of the aguifer in the stratigraphic column,
as the Sandstone aquifer is the uppermost aguifer within the Hawthorn
Formation.

The mid-Hawthorn aquifer is composed primarily of sandy and phosphatic
limestones and dolomites that exhibit intergranular, moldic and possible
fracture and solution porosities. The reworked zone at the base of the
overlying confining beds consisting of guartz and phosphatic sands may also
act as part of the aquifer. The aquifer is interbedded with less permeabie
clayey sands and dolosilts which lTower the overall permeability.

The top of the mid-Hawthorn aquifer dips radially from the central portion
of the study area. It normally occurs between -150 ft. NGVD and -200 ft.
NGVD in the Cape Coral area. The thickness of the aquifer is quite variable
and averages around 50 feet. Complex facies patterns within the lower
Hawthorn carbonate unit and consequent lithology changes of the aquifer make
exact correlations difficult. The aquifer appears to be thickest in the
northern Ft. Myers area where it has been described at over 140 feet
(Figure 6). In the Cape Coral area it varies between 20 and 60 feet with the
thickest sections in the south portion of the city.

Water Tlevels in the mid-Hawthorn in Cape Coral and adjacent areas have
been experiencing noticeable declines in response to pumpage from municipal
wellfields and other private wells. Pertinent hydrographs of USGS wells are
available in Appendix II. Wells in this aquifer in pre-development conditions
(Figure 7) would normally free flow at iand surface (+10 and +20 NGVD). By
1979, however, the water levels on a regional scale had decreased to -20 ft.
NGVD and move recently (1984) to -30 ft. NGVD. Water levels in production
wells fell below -80 ft. NGVD in 1984.

The mid-Hawthorn does ﬁot receive direct recharge from precipitation
anywhere in Lee County. Recharge occurs primarily upward leakance across
confining beds and from lateral inflow from adjacent areas.
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The transmissivity of this aquifer in the study area varies from 4,000
gpd/ft to 20,000 gpd/ft, with an average value of approximately 12,000 gpd/ft.
These low transmissivities indicate that lateral movement of water is very
slow. The cones of depression created by individual wells are very steep and
not of great areal extent, unless several closely spaced wells create
coalescing of cones. ‘

Water quality is good for domestic uses througheut most of the study area,
but becomes more saline along the western coastal area of Cape Coral.
Chloride concentrations range from 50 mg/1 to 1,000 mg/1 (Figure 8). The
chloride levels increase in a westerly direction and are greater than 1,000
mg/1 in Pine Island.

The lower Hawthorn confining zone (Wedderburn, et al., 1982) 1lies belew
the mid-Hawthorn aquifer separating it from the Floridan Aquifer System. The
confining zone consists primarily of sandy, phosphatic, poorly indurated
11mestones interbedded with phosphatic dolosilts (Figure 2). The overall low
permeability of this zone results from the fine grained nature of the rocks
and the interbedded dolosilts. Uniike most other areas of Lee County, a
porous limestone occurs near the base of this zone in the Cape Coral arnd
adjacent areas. These limestones were penetrated at the city R.0. plant at -
325 ft. NGVD and -370 ft. NGVD (Figure 4). The core taken from this site
also contained appreciable amounts of low permeability sediment above and
below this interval. These beds act to restrict vertical flow of water from
overlying and underlying aquifers. However, because these zones are teft
uncased in production and observation wells and are capable of producing
significant quantities of water, they will be included in this report as the

upper portion of the lower Hawthorn Aguifer.
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Floridan Aquifer System

The term “"Floridan Aquifer" was established by Parker and others (1955}
for w~ater bearing rocks associated with the Lake City Limestone, Avon Park
Limestone, Ocala Limestone, Suwannee Limestone, Tampa Limestone, and permeable
parts of the lower portion of the Hawthorn Formation. More recently the
Southeastern Geological Society Committee on Hydrostratigraphic Nonenclature
has designated the term "Floridan Aguifer System" to replace the name Floridan
Aquifer (Vechiolli, personal communication).

Iﬁ Lee County the Floridan Aquifer System (Wedderburn, et al, 1982)
consists of an areally thick sequence of interbedded limestone and dolomite of
Eocene to lower Miocene age, which show marked differences in vertical and
horizontal porosity and permeability. The system can be divided into three
aquifers; the lower Hawthorn/Tampa producing zone, Suwannee aquifer and Deeper
aquifer. For the purposes of this study and as mentioned previously the term
"lower Hawthorn aquifer" will be used herein to designate the uppermost
portion of the Floridan Aquifer System in the Cape Coral area.

The Tlower Hawthorn aquifer (Sproul et al, 1972; and Boggess, 1974)
consists of an interbedded sequence of phosphatic limestones, dolomites, and
dolosilts that mark the top of the Floridan Agquifer System in the Cape Coral
area. The uppermost limestones in  this sequence are actually
stratigraphically within the Hawthorn group, but for reasons mentioned
previously are here included in the Floridan Aquifer System.

The top of the Tower Hawthorn agquifer dips to the south and occurs between
-400 and -500 ft. NGVD in the Cape Coral area. The average thickness of the
aguifer is approximately 250 feet and thickens toward the south.

The Suwannee aquifer 1ies below the Tower Hawthorn aquifer and s
separated from it by less permeable calcareous clay and limestone. Data

pertaining to the hydraulic conductivity of the confining bed is sparse.
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Lithologically the Suwannee aguifer is quite diverse due to the complexities
of the Suwannee Limestone in the study area. The major producing zones within
the aguifer occur in isolated beds of relatively high porosity and
permeability that are normaily composed of calcarenitic limestones and
occasionally sandstones. These zones are more prevalent near the top of the‘
aquifer, normally occurring within 50 feet of the Suwannee/Tampa formational
cantact.

The elevation of the top of the Suwannee aquifer is between -500 and -700
ft. NGVD in the study area being high in the northernmost portion and dipping
to the south. The thickness of the unit in the study area is between 350 and
600 feet. |

The deeper aquifers are associated with porous beds of limestone and
dolomite occuring in the Eocene formations at greater depths. Several zoneé
of high permeability have been &escribed in these strata (Puri and Winstonm,
1974) near the study area. Wedderburn, et al (1982) presented information on
five wells that penetrated the deeper aquifer in Lee County. They show major
producing zones occurring near formation boundaries within these strata.

The potentiometric surface of the Floridan Aquifer System slopes in a
southwesteriy direction across Cape Coral. In the northeastern portion of
Cape Coral, the potentiometric surface stands at approximately +40 ft. NGVD
and in the southwestern portion at about +30 ft. NGVD. Localized depressions
in the surface occur in west central Cape Coral due to pumpage by the reverse
osmosis plant.

Most of the recharge to the Floridan Aquifer System originates from
outside the Lee County area, probably in the Polk County highlands and
adjacent areas, where the aquifer crops out at higher elevations. The surface

inflow enters Lee County on its northern and eastern borders.
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Estimated transmissivities for the upper part of the Floridan Aquifer
System in the Cape Coral area range from 30,000 to 350,000 gpd/ft. The high
variability of transmissivitias may be due to the number of producing zones
penetrated in tested wells.

The water quality of the lower Hawthorn aquifer is not within potable
standards within the study area. Table 1 presents C1- concentrations in USGS
monitor wells taken in November of 1983. Well Tlocations are shown in
Appendix V. Chloride concentrations in Cape Coral range between 400 and 3,350
ma/t. The water quality of the deeper aquifers in this area is targely
unknown due to the scarcity of deep wells. A deep well drilled to the Ocala
Group in the Sanibel Island wellfield showed chloride concentrations in excess
of 20,000 mg/1. Another deep well driiled 1nto.the Lake City limestone in
north central Lee County produced water with chlorides in excess of 15,000
mg/1. However, a deep well (Ocala) drilled at the Fiddlesticks development in
central Lee County had chlorides of less than 1,000 mg/1. As a general rule,

chloride levels can be expected to increase with depth in the study area.
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TABLE 1
CHLORIDE CONCENTRATIONS IN THE LOWER HAWTHORN AQUIFER
(NOVEMBER 1983)

USGS WELL NUMBERS CHLORIDES mg/1
L-585 1500
| L-588 1020
L-589 1080
L-590 1060
L-2434 405
L-2435 _ 3350
L-2524 440
L-2525 | 420
L-2526 620
L-2527 1900
L-2528 920
L-2529 7000

-28-.



AQUIFER PARAMETERS
The two dimensional models developed for the mid and lower Hawthorn

aquifers consider aquifer parameters to be time invariant. The parameters

required to define an aquifer are transmissivity, storage coefficient,

confining layer leakance, elevations of top and bottom of the aguifer, and

thicknessas of the aguifer and its confining layers. Unfortunately, not all

the required parameters are available for modeling purposes. Only a few
leakance values exist for the mid-Hawthorn and 1lower Hawthorn confining

layers. Available measurements of these parameteré are at irregularly spaced‘
points. Values of each parameter usually vary from location to location,

indicating a non-uniform spatiail distribution. Because a very limited number
of measurements are available, some statistical methods were used to compute

the probable spatial distribution of a parameter from limited point

measurements.

Trend Analysis and Kriging

Contour maps can be drawn by subjective judgements or by a set of
"workable" procedures from irregularly spaced point data. Contour maps serve
many purposes but normally do not indicate map reliability. Dependability of
model results are directly related to the reliability of model input data. To
define the limitations of the model input parameters, statistical methods were
used to guantify the reliability of the spatiai distribution of each aguifer
parameter.

The first step 1in describing a set of irregularly spaced point
measurements is to develop a best fit surface which explains the trends in the
data. Once identified, the significant trend indicates the overall behavior
of the parameters in large scale, e.g., local variations are averaged out.
While the trend surface best describes all the data on a large scale,

significant variations will occur locally in the vicinity of each measured
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value.  Kriging (Skrivan, J.A., 1980) utilizes the difference between the
trend surface and the measured values, known as the residuals, to further
refine the contoured surface. If a residual exists at a point, some deviation
from the trend is expectéd to 6ccur in the neighborhood of this point.
However, confidence in this assumption decreases as the distance from the
measuring point increases. In addition to refining the trend surface, kriging
also attempts to quantify the uncertainty associated with increased distance
from the measuring point. Furthermore, kriging can also take measurement
reliability into consideration. As a result, the distribution of reliability
can also be mapped.
In summary, the procedures:used to interpolate irregularly spaced point-
measurements in two-dimensional contour maps are:
1. identify a "significant trend" from the given data
2. take the residuals of data from significant trends
3. use the residuals in‘Kriging analysis
4, compute the regular grid values by summing the trend and
residual kriged values at each grid point coordinate
5. uncertainty of the map, in terms of variation coefficient, is
concurrently obtained in step (4) computations.

Mid-Hawthorn Agquifer

1.  Transmissivity: Thirty-four (34) transmissivity values were
available in the study area. Ten were derived from duration pump tests and
twenty four were estimates from well cuttings (Layne/Western, 1970 & 1977).
Additionally, there were 26 specific capacity tests done for the aquifer.
These specific capacity data were used in a regression analysis to find the
corresponding transmissivities. Specific capacity values were calculated for
all transmissivity values cited. This produced thirty-four data sets from

which the regression equation was derived.
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A weighted polynomial stepwise regression (Dixon, 1981) was used to
develop the equation. The data was weighted according to its assessed
reliabiiity. Of all the tested polynomials, a simple linear relationship was
proven to be the best, with squared correlation of .83. A linear equation was
a1so obtained for standard error in converting specific capacity to
transmissivity. A total of 60 transmissivity values and reliability in terms
of stagdard error of estimation were thus obtained.

Many of the transmissivity data points were clustered together. When the
30 seconds grid system was imposed, many of these points fell within a single
grid cell. When multipie points fell within one cell, the arithmetic mean was
used to describe the transmissivity for the cell. Standard deviation of the
mean was also computed. This standard deviation was added to the mean of
original point standard errors to obtain the combined data standard error.
This process reduced the number of data points to 48.

When trend analysis was run using these 48 transmissivity values, no
significant trend other than mean (constant plane) was identified. Since a
constant does not change other statistical properties of the data set, the
original values, instead of residuals from the mean, were used in kriging

analysis. Input data and results are in Appendix V.

As shown in Figure 9, the highest transmissivities occur in the central
portion of the study area in the vicinity of Cape Coral and Cypress Lakes
wellfields. However, lowest transmissivities occur to the northeast where
lateral inflow enters the study area. These low values act to restrict the
amount of inflow into the area. Therefore, it can be expected that when the
aquifer is pumped over the recharging capability, excessive drawdown will
occur. Depending on the relative heads among the adjacent aquifers, leakance

may also be induced locally due to the pumpage in the mid-Hawthorn aquifer.
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The uncertainty map (Figure 10) indicates the realiability of the
transmissivity map (Figure 9). The uncertainty is described by the variation
coefficient, which is the square root of the estimation variance divided by
the mean at each point. A value of .3 uncertainty means that one standard
error of estimation is 30% of the estimated value. Since, in normal
distribution about 70% of the total population is within the band of plus and
minus one standard deviation, the .3 uncertainty means there is about 70%
chance that the true value lies between + 30% of the estimated value. Thus,
the uncertainty map may help in deciding whether there is enough data to
satisfy the desired reliability. The uncertainty map for the mid-Hawthorn
aquifer .transmissivity shows relatively high !re1iability in the Cape Coral
area because of high data concentration. Howevef, ﬁortheast of Cape Coral, in
the direction of natural recharge, the estimation error of transmissivity can
exceed 100 percent.

2. Storage Coefficient: There are only seven.storage coefficient values
available for the mid-Hawthorn aguifer. These values varied between 10-3 to
10-5. It was decided to u§e a constant value of 104 for this “study.
Therefore, no computer mapping analysis was done for this parameter.

Lower Hawthorn Agquifer

1.  Transmissivity: There are twelve data points of transmissivity in
the area (Appendix V). The average transmissivity was computed to be 75,000
gpd/ft. However, the data varies by one order of magnitude. No significant
trend was identified. Kriging analysis was done and the results are shown in
Figures 11 and 12. The reported values weré in most cases derived from
aguifer tests on the Tlower Hawthorn and Suwannee aguifers combined.
Therefore, the actual transmissivity of the lower Hawthorn aquifer alone may

differ significantly from the reported values.
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2. Storage Coefficients: The average sforage coefficient was computed to
be_3.7 X 10-3. However, each estimation can be off by one order of magnitude;
hence, the data variance is assumed to be in tw§ orders of magnitude. These
values were Tlogarithmically transformed for easier handling. The kriging
process was performed on the transformed data. The antilog of the kriged
values were then used for mapping. There is a relationship between the
smoothness of kriged map and the data reliability. Because of the large data
variance the map is relatively smooth despite the large range of storativity.
The map (Figure 13) shows two areas of high storativity in Cape Coral.
However, the accompanying uncertainty map (ngure 14) shows a variation

coefficient of 20 to 30 percent.

_37-



| LEGEND

AT 0000 TN

N R INTERVAL

4

Figure 13 STORAGE COEFFICENT OF THE LOWER HAWTHORN AQUIFER




GUIF

0
\ MEX{co
LEGEND "\
DIMENSIIONLESS ¢
coarwn.lluunvu_ Y h \
\ R 2P \

Figure 14 UNCERTAINTY STORAGE COEFFICENT OF THE LOWER HAWTHORN AQUIFEF



WATER USE PROJECTIONS

Description of Water Use

Southwest Florida has continued to be one of the State's fastest growing
areas. Lee County Teads the population growth in this area and relies on
groundwater as its primary source of potable ~and irrigation water,
Unfortunately, the groundwater resources in Lee County are finite. [In Cape
Coral this rapid growth is beginning to exceed the supplying capability of the
mid-Hawthorn aguifer.

There are nine municipaT wellfields within the study drea (Figure 15).
These wellfields are:

Waterway Estates (mid-Hawthorn)

North Cape Coral (mid-Hawthorn and Surficia) Aquifer System)
Santa Barbara (mid-Hawthorn)

Skyline (mid-Hawthorn)

Golf Course {mid-Hawtharn)

Pine Istand Water Association (mid and Tower Hawthorn)

Cypress Lakes (mid-Hawthorn)

Sanibel Island Water Association (lower Hawthorn and Suwannee)
Cape Coral R.0. {lower Hawthorn)

WO~NI WM —
. . P

Seven of these nine wellfields withdraw some or all of their supply from the
mid-Hawthorn aquifer.

The Cypress Lakes and Waterway Estates wellfields are owned by Florida
Cities Water Company. They are located in the lona-McGregor and the southwest
corner of North Fort Myers areas, respectively. The Cypress Lakes wellfield
serves approximately 25 percent of the south Fort Myers service area . This
determination was made from estimates provided by Florida Cities officials
(personal communication). The remaining 75 percent is supplied by the Green
Meadows wellfield (Sandstone aquifer). These percentages were later used to
determine the approximate number of residents being supplied by the Cypress
Lakes wellfield.

 The Waterway Estates wellfield, in conjunction with the north Cape Coral

wellfield, serves a small area of northeast Cape Coral and southwest north
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Fort Myers. The water withdrawn from these two wellfields is in part from the
mid-Hawthorn aquifer and the rest from the Surficial Aguifer System.

The City of Cape Coral uses mid-Hawthorn water from the Santa Barbara,
Skyline, and Golf Course wellfieids. This water is used in addition to the
water desalted from the Reverse Osmosis (R.0.) plant and distributed to the
residents of Cape Coral.

The Pine Island Water Association also withdraws water from the mid-
Hawthorn aquifer. This water is used to dilute brackish water from the lower
Hawthorn aguifer before it enters their reverse osmosis plant.

Sanibel Island Water Association does not withdraw any water from the mid-
Hawthorn, but instead relies solely on the water from the lower Hawthorn and
Suwannee aquifers. The raw water withdrawn from these aguifers is desalted
through a reverse osmosis p]aﬁf.

The mid-Hawthorn aguifer in Cape Coral is also used for irrigation through
the installation of privately owned wells. From records obtained from the
Cape Coral Utilities Department, it is estimated that there are approximately
3,500 of these wells within the Cape Coral platted area.

Most of the homes outside of the Cape Coral area also have mid-Hawthorn
irrigation wells. However, the number of these wells is unknown and needs to
be estimated, because so many were drilled prior to Lee County permitting
records. Most of the wells drilled for irrigation in area twelve and thirteen
(Figure 16) are withdrawing water from the mid-Hawthorn aquifer. In areas
fourteen and sixteen withdrawal from the mid-Hawthorn is Tless extensive
because readily available water from the Surficial and Sandstone aquifer
occurs at shallower depths. The projected number of mid-Hawthorn irrigation
wells for those areas reflect these facts. Actual estimation procedyres are

discussed in the methodology section.
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There are, of course, other wellfields and private wells that lie outside

the aforementioned areas. #ost of these wells, however, do not tap into the

mid-Hawthorn aquifer, and it is assumed that their affects are negligible.

‘Forecast Methodology

The techniques that were used to forecast the population and the number of

irrigation wells in Cape Coral are listed below:

1.

The platted areas of Cape Coral are divided into 6188 variable size city
blocks. |

Those blocks were combined into larger groups. These groups were
designated by the letters A—Zwand AA-KK,

Each group was then assigned a certain number of known mid-Hawthorn
irrigation wells derived from the records of the Cape Coral Utilities
Department.

Eleven areas (1-11), designated by the Cape Coral Planning Department as
popuiation planning areas, were plotted on a map overlying the groups of
blocks (Figure 17).

The acreage of each group within each of the eleven areas (Figure 18) was
calculated and used ta determine the number of wells per acre.

The acreages were added together to determine the number of wells in each
of the eleven areas (Tabie 2).

The present and the projected populations of the eleven areés were taken
from the Cape Coral Popula@ion Forecasts Report (1983).

The number of dwelling wunits per area was calculated (excluding
commercial, industrial and recreational units). First, the number of

people per dwelling unit ﬁas determined for every five years beginning

‘with 1985 (Lee County Dept. of Long Range Planning, 1982) (Figure 19).

The population forecasts were then divided by the number of people per
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TABLE 2

DETERMINATION OF THE NUMBER OF FOUR INCH IRRIGATION WELLS

WITHIN THE ELEVEN CAPE CORAL PLANNING AREAS

GROUP OF BLOCKS ACRES
A 1,543
AV, H, X, AA 3,012
B,C,D | 2,565
H,P,V,Y,AA 3,648
C,D,E,EE 3,056
H,P,Y,Z,AA,HH 3,831
D,E,F,EE 2,212
0,U,Z,HH 2,07
E,D,G,R 5,402
0,1,0,Z,HH 2,191
K,L,Jd,N,M,S,T,FF 27,237
JJ,B8,00,KK, GG
46—

TOTAL
NQ. WELLS

384
217
267
21
476
181
253

69
933
154
279

WELL DENSITY
WELL/ACRE

0.25
0.07
0.10
0.06
0.16
0.05
0.1

0.03

0.07
0.01
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NUMBER OF 4 INCH IRRIGATION WELLS IN CAPE CORAL PLANNING

AREAS
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10.

dwelling unit, and the results were rounded off to the nearest whole

number.
The percent dincrease of population in each of the eleven areas was
calculated and applied to the number of dwelling units.

This increase was applied to the forecasted number of wells in each area.

In the five planning areas outside of Cape Coral (Figure 16) the

population forecasts were determined from the "lLee County Division of

Community Development (LCDCD, 1982). The actual number of wells in each of

these areas are unknown, therefore, estimations were made as follows.

1.

Each area was equated to a similar one within the eleven planning areas of
Cape Coral by comparing population dehsifies and percentages of total
buildout.

The ratio of dwelling units to wells from the similar area compared in
Cape Coral were calculated.

The number of dwelling units in each of these outside areas were
determined. This was found by the same technique used in Cape Coral; ie.
population divided by the number of people per dwelling unit. Since 1984
census reports were not available, estimates were made comparing 1980 and
1985 populations. An average population increase per year was subtracted
from the 1985 forecasted population.

The number of dwelling units/well (3) was divided by the number of wells
(2). This becomes the estimated number of wells for each area (12-16).
The results of areas fourteen and sixteen had to be adjusted to reflect
use of water from the Sandstone aquifer and/or Surficial Aquifer System.
Estimations of total mid-Hawthorn irrigation well withdrawal within these
areas are described in the modeling section.

This was done for all the forecasted years, 1985 through 2005.
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Forecasted mid-Hawthorn and lower Hawthorn wellfield withdrawals were

determined as follows:

1.

The mid-Hawthorn and lower Hawthorn wellfield pumpage data were obtained
from the 1984 monthiy reports.

These values were divided by the present population (permanent) from each
service area to calculate the per capita usages.

The per capita use was multiplied by the forecasted population to obtain
the water use requirement figures for the years 1985 through 2005. These

figures were then used for modeling the mid and lower Hawthorn aquifers,

To simplify the complexity of population and water use forecasting the

following assumptions were made.

1.

A1l housing units are hooked up to municipal distribution systems. This
assumption may result in water use estimates that are larger than will
actually exist.

Estimations of the number of dwelling units only considered permanent
poputation, as opposed to functional population which is the combination
of permanent and seasonal population. This was done because almost all
seasonal residents reside in already established dwellings.

Total buildout will not be achieved in any of the areas by the year 2005.
As a result, dwelling units are assumed not to be a constraint on
population growth within the planning areas.

A1l irrigation wells pump at a rate of approximately twenty-five gallons
per minute.

Pumpage of these wells occurs for fifteen to thirty-five minutes per day
during the wet season; and forty to seventy minutes per day during the dry

Season.
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10.

For forecasting purposes\ within Cape Coral, all irrigation water will
continue to come from mid-Hawthorn wells regardless of the public water
supply expansion (Figure 20). This does not take into account possible
dual water systems. ;

The estimated number of mid-Hawthorn irrigation wells in areas 14 and 16
were adjusted to compensate for the possible use of the Sandstone aquifer
and/or Surficial Aquifer System.

Per capita use does not change with time.

The pumpage from the Cypress Lakes wellfield was assumed to furnish 25% of
the people within its service area. Green Meadows wellfield (Sandstone

aguifer) would provide water for the rest of the area (75%).

More detailed methadology is presented in Appendix IV.
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Results

The results of the projected future water requirements from municipal
wellfields and private irrigation wells are presented in Tables 3 through 7.
These results reveal the projected population, the daily per capita use, and
the average water use, from each wellfield service area. The welilfields
producing water from the mid-Hawthorn aquifer were grouped together, and thé
1984 average daily water use figures were added to obtain the total municipal
water withdrawal from the aquifer (Table 3). The same was done for the lower
Hawthorn wellfields (Table 3}.

Table 3 shows that 2.59 MGD of water is being withdrawn from the mid-
Hawthorn aquifer by municipal wellfields in the year 1984. If by 1985 Cape
Coral discontinues using its mid-Hawthorn wellfields, total daily water use
will drop to 1.13 MGD (Table 4), but by the year 2005 withdrawal will be back
up to almost 2 MGD (Tabte 6).

Additionally, the mid-Hawthorn aguifer is stressed from pumpage by
thousands of irrigation wells scattered throughout western Lee County.
Table 7 depicts the highest concentration of these wells in Cape Coral/lona-
McGregor area (areas 1-11 and 12, respectively, Figure 16), and the highest
withdrawals occur here. The average annual irrigation use for the Cape Coral
area alone was calculated at 1.03 MGD. This value is lower than previous
estimates (4 MGD) presented by other engineers. However, the mid-Hawthorn
flow models, discussed later, could only be calibrated using the lower
estimate. Flow models using 4 MGD for irrigation in Cape Coral reveal
excessive and unrealistic drawdowns. It is estimated that the City of Fort
Myers wuses 1.22 MGD (area 12) for irrigation, however, as previously
mentioned, a major portion of this water is being withdrawn from the Sandstone

aquifer and Surficial Aguifer System.
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TABLE 3

PRESENT PUMPAGE ‘FROM MID AND LOWER HAWTHORN WELLFIELDS

-WELLFIELD
SERVICE AREA
Cape Coral (ALL)
Pine Island {PIWA)
Florida Cities
(Waterway Estates)
(North Cape Coral)
(Cypress Lakes)

Cape Coral (RO)
Pine Island (PIWA)
Sanibel {SIWA)

=+ 1]
. -

POPULATION
{PERMANENT)

1984 - MID-HAWTHORN

PER CAPITA USE

(GPD)

45985
4380

949
803
25044
Total

1984 - LOWER HAWTHORN

45985

4380

3354
Total

Per capita use of the mid-Hawthorn alone.
Per capita use of the lower Hawthorn alone
use, 33+86=119 GPD).

€. Pine Island R.0. withdraws from mid-Hawthorn and 1
proportions (50:50).

334
81¢

274
274
100
762

86b

81¢c
3208
387

AVERAGE DAILY

'PUMPAGE (MGD)
1.50
0.36

0.26
0.22
0.25
2.59

3.95
0.35
1.07
5.37

(total Cape Coral per capita

ower Hawthorn in equal

d. This is only 25% of the total population since Green Meadows contributes

75% of the service area.

e. Sanibel has a high per capita use value due to the high concentrated
influx of tourists, and lack of shallow fresh water wells for irrigation.
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TABLE 4

ESTIMATED PROJECTED PUMPAGE FROM
MID AND LOWER HAWTHORN WELLFIELDS

1985 - MID-HAWTHORN

WELLFIELD POPULATICN PER CAPITA USE AVERAGE DAILLY
SERVICE AREA {PERMANENT) {GPD) WITHDRAWAL (MGD)
Cape Coral{ALL} 47 ,79¢& 33 1.50
Pine Island (PIWA) 4,537 ' 81 0.37
Florida Cities

(Waterway Estates) 98% 274 0.27

(North Cape Coral) 803 274 0.22

(Cypress Lakes) 2,699 100 0.27

Total Withdrawal 1.03
1985 - LOWER HAWTHORN

Cape Coral (RO) 47,798 1852 8.84b

Pine Island (PIWA)} 4,532 : 81 0.36
Sanibel (SIWA) 3,410 320 1.09

Total Withdrawal 10.29

a. For all model runs a per capita consumption figure of 185 g/d was used.
b. Assuming all housing units are supplied by R.0. plants.
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TABLE 5
1990 - MID-HAWTHORN

WELLFIELD POPULATION PER CAPITA USE AVERAGE DAILY
SERVICE AREA {PERMANENT) (GPD) WITHDRAWAL (MGD)
Cape Coral?d 56,863 0 0.00
Pine Island (PIWA) 5,292 81 0.43
Florida Cities o

(Waterway Estates) ©1,131 274 0.31

(North Cape Coral) 949 274 0.26

(Cypress Lakes) 3,646 110 0.36
" Total Withdrawal 1.36
1990 - LOWER HAWTHORN

Cape Coral (RO) 56,863 185 10.52
Pine Island (PIWA) 5,292 81 0.43
Sanibel (SIWA) 3,691 320 \ 1.18

Total Withdrawal 12.13

1995 -~ MID-HAWTHORN

WELLFIELD POPULATION PER CAPITA USE AVERAGE DAILY
SERVICE AREA {PERMANENT) {GPD) WITHDRAWAL (MGD)
Pine Island (PIWA) 6,118 81 0.49
Florida Cities

(Waterway Estates) 1,314 274 0.36

{North Cape Coral) 1,095 274 0.30

(Cypress Lakes) 4,705 100 0.47

_ Total Withdrawal 1.62
1995 - LOWER HAWTHORN

Cape Coral (RO) 65,686 185 12.22
Pine Island (PIWA) 6,118 81 0.49
Sanibel (SIWA) . 4,002 320 1.28

Total Withdrawal 13.99

dIt is assumed that Cape Coral will stop using the mid-Hawthorn aguifer by
1990.
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TABLE 6

2000 - MID-HAWTHORN

WELLFIELD - POPULATION PER CAPITA USE AVERAGE DAILY
SERVILE AREA (PERMANENT) {GPD) WITHDRAWAL (MGD)
Pine Island (PIWA)} 6,800 81 0.55
Florida Cities

{Waterway Estates) 1,460 274 0.40

{North Cape Coral) 1,204 274 0.33

(Cypress Lakes) 5,642 100 0.56

Total Withdrawal 1.84
2000 -~ LOWER HAWTHORN

Cape Coral (RO) 74,200 185 13.73
Pine Island (PIWA) 6,800 81 0.55
Sanibel (SIWA) 4,348 320 1.39

Total Withdrawal 15.67

2005 - MID-HAWTHORN

WELLFIELD POPULATION PER CAPITA USE AVERAGE DAILY
SERVICE AREA "(PERMANENT) - {GPD) WITHDRAWAL {MGD)
Pine Island {PIWA) 7,244 81 0.59
Florida Cities

(Waterway Estates) 1,569 274 0.43

(North Cape Coral) 1,277 274 0.35

(Cypress Lakes) 6,197 100 0.62

Total Withdrawal 1.99
2005 - LOWER HAWTHORN

Cape Coral (RQ) 79,069 185 14.63
Pine Island (PIWA) 7,244 81 0.59
Sanibel (SIWA) 4,328 320 1.38

Total Withdrawal 16.60
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TABLE 8
ESTIMATED PUMPAGE FROM THE MID-HAWTHORN AQUIFER
IN MILLION GALLONS PER DAY

1984 1990 1995 2000
Pine Island .355 .425 .496 .551
Waterway Estates .258 .313 .362 . 405
North Cape Coral 217 .257 .297 .332
Cypress Lakes 250 .388 470 564
Cape Coral 1.489 1.489 1.489 1.489%*
Irrigation 3.894 4.822 6.170 8.237
Total Pumpage 6.463 7.694 9,284 11.578

*Assuming Cape Coral continues to withdraw water from the mid-Hawthorn.
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Total withdrawal from the mid-Hawthorn aquifer by private wells in the
study area is estimated at 3.89 MGD (Table 8). This value, along with the
projected total daily pumpages for successive five year increments up to 2000,
is presented in Table 8. Table 8 depicts the irrigation withdrawal of the
study area increasing to 6.17 MGD by the year 1995.

future water reguirements from the lower Hawthorn aquifer for 1984 through
2005 are presented in Tables 4 through 6. The Jower Hawthorn aguifer, in
1984, is being stressed only by three wellfields which are withdrawing
approximately 5.4 MGD (Table 3}. If the current trend continues, production
from the lower Hawthorn wellfieids will be approximately 12.13 MGD based on
Lee County Division of <Community ODevelopment's population projection.'
However, if additional lower Hawthorn wells are installed in Cape Coral to
replace existing mid-Hawthorn wells, the Cape Coral requirement alone would be
10.52 MGD. This is based on present allocations of the original wells plus the
amount of water requested by the City of Cape Coral for their proposed wells.

Impacts of these reguirements are assessed in the modeling section.
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INTRODUCTION TO AQUIFER SIMULATIONS

A series of numerical simulations were run for the mid and lower Hawthorn
aquifers to assess the impact of future water withdrawals. The simulation
runs were conducted using the U.S. Geglogical Survey finite difference two-
dimensional flow model developed by Trescott, Pinder, and Larson (1976). This
model was used to simulate two-dimensional flow in semi-confined, leaky
aquifers, under present and future stress.

Two homogeneous 50 by 50 grid arrays were used for the aquifer simulation.
For the calibration and early development runs, a 30 second latitude by 30
second longitude (approximately one half mile sgquare} grid spacing was used.
These models covered the area between longitudes 82916'00"; 81946'30" and
latitudes 26948'00"; 26918'30" (Figure 21). In the cases where the cone of
influence generated by additional pumpage approached the model border, the
grid was expanded to a 60 second by 60 second spacing (Figure 22). In these
simulations, the study area occurred between‘1ongitude 82026'00"; 81037'00"
and latitudes 26058'00"; 26°09'00".

The heterogeneous transmissivity values used.in the model were calculated
using trend and kriging analysis on existing data. The storage values for the
lower Hawthorn aquifer were also derived in this manner. A constant storage
value of 10-% was used for the mid-Hawthorn aquifer. The constant leakance
value used for each aquifer was derived emper%caify during calibration runs.
Pumpage rates were calculated from existing aqd projected population figures
presented by the Lee County Division of Planning (1983) and the Cape Coral

Planning Department (1982)..
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MID-HAWTHORN AQUIFER SIMULATION

Pre-development Constant Flux Model

A calibrated constant flux model was used to duplicate the pre-develgpment
conditions of the mid-Hawthorn aquifer. The purpose of this model was to: a)
fine tune the calculated aquifer parameters which are to be used in subsequent
models, and b) to determine the amount of flow through the model area prior to
development.

A heterogeneous 'transmissivity matrix consisting of 2500 values was
generated through kriging analysis of 60 original data points. Of the
original values, 10 were derived through duration pump tests, 26 were
determined through regression analysis of specific capacity data, and 24 were
derived from well cutting analysis (Layne-Western, 1977). The resulting
transmissivity values ranged from 2720 to 25,600 GPD/ft. with a mean value of
12,000 gpd/ft. A constant value of 10-4 was used for the storage coefficient
because there was not enough data to support kriging or trend analysis.

The pre-development potentiometric surface for the mid-Hawthorn aquifer
was drawn using water level data collected by the USGS between 1942 and 1957
(Figure 7). These data define a gently dipping surface which trends from the
northeast to the southwest c1o§e1y paralleling the potentiometric surface of
the lower Hawthorn aquifer. The average potentiometric gradient for the mid-
Hawthorn aquifer at that time was 0.33 ft/mile.

A preliminary estimate of the amount of flow through the study area-was
determined by flow net analysis. Using an average transmissivity of 12,000
gpd/ft. and an average thickness of 70 feet, a value of 31,000 gal/per day was
derived. This volume of water was distributed as inflow along the
northeastern boundaries of the model area and as outflow along the southwest

boundaries in the first model run.
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The first run of the model using the orginal kriged transmissivities
caused extremes in head levels in the northeast and southwest corners of the
modeled area due to unrealistically 1low transmissivities. The low
transmissivity values (650 gpd/ft) calculated by the kriging analysis,
occurred in areas of highest uncertainty and‘are the result of continuing a
downward trend too far away from contraol points. These Tow values were
increased to 3,200 gpd/ft which corresponds to the Towest measured
transmissivities 1in that area. After this modification, the model was
successfully calibrated using a daily inflow/foutflow of 50,000 gallons.

Constant Head Predictive Model

Because of the low volume of natural flow through the study area, it would
be necessary to expand the model size several times in order to provide enough
water for realistic results using a constant flux boundary. Due to the
limitations of the computer, it was not possible to run a model of this size
with the resolution needed for interpretation. Therefore, a constant head
boundary, which provides an infinite source of water along the model
houndaries, was used in subsequent simulations. The constant head boundary
closely simulates the existing condition of the aquifer until expanding cones
of influence approach the model boundary. At this point the cone of influence
will be restricted in size and deformed in shape, and a larger modeling area
will be required. The values assigned to the. constant head boundaries were
derived from the pre-development head map provided by the USGS.

A calibration run Qsing 1983-84 pumpage data was undertaken to determine
the dynamics of the mode] under stress. The amount of water pumped during the
1983-1984 water year was averaged for each welifield and distributed among the
production wells based on individual well cagacity. This would result in
moderate drawdowns which would fall in between the extremes of the observed

data (Table 9). In addition, pumpage rates averaged over a year were much
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TABLE 9

COMPARISON OF ACTUAL AND COMPUTED WATER LEVELS FOR THE
MID-HAWTHORN AQUIFER; 1983-1984

COMPUfED ACTUAL WATER LEVELS 83-84

WELL NO. WATER LEVEL HIGH LOW
L-581 -21.8 -21.7 -32.4
1-735 14.8 13.9 7.5
L-742 9.7 -5.2 -46.2
L-781 -16.4 -10.8 -21.2
L-1058 3.0 7.1 5.1
L-1059 20.0 15.3 13.4
L-1116 -19.8 2171 -33.18
L-1598 -11.4 0.6 -19.8
L-1973 13.2 16.4 11.6
L-2640 ~13.7 -6.0 -18.0
L-26417 -27.4 -23.4 -41.1

L-2642 . -11.8 -5.0 -14.7
L-2643 2.0 8.2 4.3
L-2644 1.8 5.8 3.0
L-2645 13.4 15.6 13.7
L-2646 20.8 20.8 18.4
L-2700 5.7 12.4 1.7
L-2701 -21.7 -18.1 -24.0
L-2702 -21.4 -13.0 -28.6
L-2703 -20.5 -14.1 -24.1
L-2820 16.3 16.2 14.6
L-282] 11.6 15.2 14.3
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lower than the actual instantaneous rates. This makes accurate determivat:c:
of well head drawdown impossible in the simulation.

Total yearly pumpage data from the five major municipal wellfields from
1984 through 2000, shown on Table 8, were described by 17 discharge nodes irn
the model. Pumpage from private irrigation wells were described by 833
discharge nodes.

Results from the first model attempt produced excessive drawdowns at the
municipal wellfields. As a result, leakance was added to the model. Due to
the similarities in the configuration of the pre-development potentiometric
surfaces of the mid and lower Hawthorn aquifers and from available well
cuttings, the lower Hawthorn is considered to be the source of leakance in
this model. The model was calibrated using an average confining bed thickness
of 250 feet, and a hydraulic conductivity of 10-8 ft/sec. This translates to a
leakance value of 3.10 X 10-4 gpd/ft3 which compares reasonably well to
measured values for the mid-Hawthorn (Missimer, 1978 and 1980). In areas of
large drawdowns in the mid-Hawthorn aguifer, it is possible for the Surficial
Aquifer System to provide some leakance recharge. However, there are no data
to quantify this assumption at this time.

Once leakance was added, and after some minor modifications of the private
irrigation pumpage, the model calibration was considered complete. The
configuration of the potentiometric surface from the calibration run
{Figure 23) compares favorably with the real case (Figure 24). Table 9 shows
the computed heads at the nodes which best cdrrespond to the locatien of an
existing monitor well. Because of the low transmissivities, steep gradients
adjacent to municipal wellfield cause large scale head variations over short
distances. This necessitates accurate Tocation of both the pumped and
observation wells. Therefore, mislocation of wells due to the models block

centering requirement affect the correlation of real to computed head levels.
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Well L-1059 yields a value greater than five feet above the measured water
levels. This is due to the proximity of the constant head boundary which is
only three rows (1.5 miles) away. This can be improved by expanding the
simulation area. Another variation occurs at well L-735 in which the computed
value is about three feet too high. L-735 is located in a trailer park which
uses the mid-Hawthorn as a source for private wells. Therefore, this high
value could be adjusted by adding some pumpage at that node.

The most significant deviation occurs in several wells (L-1058, L-2643, L-
2644, (-2700, and L-2821) which fall on a north-south line along the western
coast of Cape Coral and westward on Pine Island. The computed water levels in
these wells are three to five feet below the actual values. This has resulted
in a slight westward extension of the cone of depression. This may indicate
the presence of very low transmissivity values in this area which act as
partial boundary conditions for the aguifer. This would explain why water
levels in the Pine Island wellfield are -60 ft. NGVD while L—1058,710cated
only two miles away, free flows at land surface.

Another exception may occur adjacent to the Cypress Lakes wellfield.
Since the development of the Green Meadows wellfield in 1981, pumpage at the
Cypress Lakes wellfield has been greatly diminished. However, during actual
pumpage, the adjacent water levels drop sharply. The yearly average value
used in the model does not reflect these short term large drawdowns,

Maximum drawdowns in Cape Coral occur adjacent to the Santa Barbara,
Skyline, and Golf Course wellfields. During the 1984 dry season, Cape Coral
attempted to withdraw additional water from the mid-Hawthorn aquifer after the
clegging of the R.0. membranes. These attempts failed due to excessive
drawdowns in the productioq wells. This indicates that the Cape Coral
wellfields are operating at the maximum capacity attainable from the resource.

From the model results, this pumpage (1.489 MGD) produced a circular
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depresﬁ?on with water levels below -30 ft. NGVD. It is felt that any fuviisy
declines within the vicinity of the Cape Coraf wellfields will cause the
production wells to "run dry" during periods of peak use in the dry season.

With the 1983-84 pumpage, it took 4.11 years for the model to reach the
steady state error criterion of .00} ft. Of the total amount of water pumpeo
at steady state, 1.53% came from storage, 18.31% came from inflow from outside
the model boundaries (ie. Charlotte County), and 80.16% is from 1leakance from
other aquifers. However, water in other aguifers may be of inferior quality
to that of the mid-Hawthorn. The large amount of water derived from leakance
represents a limitation of the dependability of the mid-Hawthorn under long
term stress.

Resulting drawdowns from projected water wuse in 1990 are shown in
Figure 25. Under these conditions, the -30 ft. depression has expanded to
encompass most of Cape Coral in the vicinity of the Santa Barbara, Skyline and
Golf Course wellfields. The areal extent of the 0 ft. contour has not
changed significantly due to the 1low transmissivity of the aquifer. In
general, the projected increased pumpage 1in 1990 will produce an average
additional drawdown of 8 feet throughout Cape Coral, with drawdowns in
production wells increasing approximately 15 to 20 feet. These additional
drawdowns would be sufficient to cause frequent production well failures in
the Cape Coral wellfields throughout the dry season. The additional drawdowns
in the other wellfields should not result in interuption of service. However,
water quality in the Pine Island wellfield may be affected by saltwater
encroachment from saline water located to the west.

Assuming that by 1990 Cape Coral will have developed alternate sources for
supply, the same model was run without the Cape Coral wellfields (Figure 26).
Water Tevels in this simuiation range between -10 to -17 feet throughout most

of Cape Coral and are controlled mainly by irrigation use {4.80 MGD). Water
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levels adjacent to the Pine Island wellfield range from -10 to -27 feet
exhibiting a ten foot increase in water levels over the 1990 simulation with
Cape Coral's pumpage. Water levels at the Florida Cities wellfield would
exhibit an average increase of seven feet. Although the major source of water
into the mid-Hawthorn is leakance, it appears that the aquifer can sustain
this degree of development with minimum water quality deterioration. if
irrigation withdrawals are reduced through the development of alternate
sources, such as use of canal water, erfluent reuse, and Surficial Aquifer
System, the mid-Hawthorn aquifer may recover faster.

Figure 27 depicts the water levels for the year 1995 assuming the Cape
Coral plants are not in operation. Incréased development in western Cape
Coral and north Ft. Myers will increase the area and magnitude of drawdowns.
A yearly average of 6.17 MGD used in the model for irrigation may be an
excessive amount for 1995,

Under these conditions, water levels near the Pine Island wellfields will
drop below -30 feet NGVD. While the Pine Island mid-Hawthorn wellfield may
sti11 be capable of producing @ater. the quality of the water by this time may
have deteriorated to below drinking water standards. Pine Island should be
prepared to resort to an alternate supply in the event of water guality
deterioration. Elsewhere 1in. the study area, water levels will drop an
additional five to ten feet. Despite these declines, the mid-Hawthorn should
be capable of supplying the remaining municipa] users. However, further
regional deterioration of water quality may take place in the western portions
of Cape Coral.

Water levels for the year 2000 are shown oh Figure 28. Due to the
increased size of the cone of influence, a 60 second grid was used for this
run.  This change reduces the resolution of the model especially in areas

adjacent to the wellfields where actual drawdown will be greater than shown.
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The projected 1rrigat16n use of 8.24 MGD kepfesents the major use of the
aquifer. This figure is considered to be the maximum use at buildout. Water
levels in central Cape Coral and adjacent south Ft. Myers will be below -30
ft. NGVD. The water Tlevels adjacent to Pine 'Island wiil be below -50 ft.
NGVD. Drawdowns at Cypress Lake will also be below -50 ft. NGVD.

As previously mentioned, each model used 1éakance as a major supplier of
recharge to the aquifer. In 1ight of the expansion and increased pumpage of
the Cape Coral R.O. plant, it is expected that the potentiometric head of the
Tower Hawthorn will decrease resulting in a reduction of the volume of water
available to the mid-Hawthorn as leakance. Any reduction in leakance would
cause larger drawdowns than those represented in the previous models. To
accurately assess the effects of reducing potentiometric levels in the lower
Hawthorn, a three-dimensional model 1is needed. The present computer
facilities at the District are insufficient to run such a model. However, two
levels of lower Hawthorn drawdowns were simulated for the years 1995 and 2000.

Figure 29 depicts the computed water levels for the mid-Hawthorn in 1995
assuming a 10 foot decline of water levels in the leakance recharge source.
Water levels are generally between 5 and 10 feet lower as compared with
Figure 27 except near the municipal wellfields where reduced leakance caused
an additional 20 foot decline, Under such conditions, the Pine Island
wellfield may experience water resource problems.

Figure 30 depicts the computed water levels for the mid-Hawthorn for the
year 2000 assuming a 20 foot decline of water levels in the leakance source.
The excessive drawdowns shown here are considered unrealistic to the east
because the decline in the lower Hawthorn caused by the R.0. plants to the
west would not extend that far.

In conclusion, the mid-Hawthorn aguifer does not have the capability of

supplying both large scale municipal and irrigation regquirements in the
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future. Continued overstress bf the aquffer will lead to depletion of thjs
fresh water resoyrce. Based on the model results described previously, the
Cape Coral wellfield may be operational up to 1990 with possible interruptions
in service occurring during the dry seasons. Extended service may be possible
if projected dirrigation demands are reduced through the development of
secondary irrigation sources. Assuming that Cape Coral's mid-Hawthorn
wellfields are shut down, or irrigation demands are reduced, the Pine Island
wellfields can produce water up to 1995. However, water qua1fty deterioration
may take place. If both the Cape Coral and Pine Island plants are shut down,
the mid-Hawthorn should be able to sustain Timited pumpage for the three
remaining Florida Cities wellfields and up to 6 MGD of private irrigation use.
These withdrawals, however, will cause water guality deterioration in the

future, making the water unfit for potable purposes.
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LOWER HAWTHORN SIMULATIONS

Four models were used for simulations of the lower Hawthorn aquifer.
These included a calibrated constant flux model and three comstant head models
with differing aquifer parameter values. The constant head models each
represented several pumpage scenarios.

A calibrated constant flux model was developed to simulate the
predevelopment conditions of the lower Hawthorn aquifer. This model assisted
in calibrating the aquifer parameters and quantifying the natural flow through
the aquifer. Using the transmissivities and storage coefficients calculated
from the trend and kriging analysis, the pre-development flow into the study
area was about 120,000 gallons per day. The constant flux model was not used
for predictive simulations because the model area could not be expanded enough
to provide sufficient inflow while maintaining ﬁhe high degree of resolution
produced by a 30 or 60 second grid.

Constant Head Predictive Model

A constant head predictive model was used for the lower Hawthorn aquifer
utilizing two possible population scenarios for the City of Cape C(Coral.
Wellfield pumphges were proportionately dividgd‘ ambng existing and proposed
wells based upon well capacities, and then placed on 12 nodes in all of the
following model grids. A heterogeneous transmissivity and storage matrix was
developed from 12 published values (Appendix V). The average transmissivity
in the vicinity of the Cape Coral wellfields was 100,000 gpd/ft. and storage
was 10-4. Hydraulic conductivity was set at 10-8 ft/sec. throughout the study
area, A uniform thickness of the lower confining beds was set at 50 feet.
These translate to an approximate leakance value of 11 X 10-4 gpd/ft3. An
average constant head value of 32 feet was set on the opposite side of the
confining beds. These values represent the best approximations of aquifer

parameters from the existing data. However, this model did not calibrate to
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the 83-84 pumpage Tevels and USGS observation well network. Possible
explanations for this will be presented later in the text.

Two separate runs of the model were made to simulate different water
requirement scenarios (Table 10). The first used population projections
published by the Cape Cora! Planning Department (cceo, 1983). These figures
represent liberal population forecasts. The second scenario used population
projections presented by the_ Lee County Division of Community Development
(LCDCD, 1982). The latter projected population figures were considered to be
more conservative,

Figure 31 depicts the potentiometric surface for the year 1990 with an
estimated population of 77,700 (CCPD, 1983) and an average pumpage rate of
14.4 MGD from the Cape Coral R.0. wellfield. The Sanibel wellfield will be
pumping at a projected raté of 1.86 MGD and Pine Island at .42 MGD. The model
shows the Pine Island wellfield drawdowns to be between 13 and 19 feet and
Sanibel between 7 and 11 feet. The increased pumpages at the Cape Coral
wellfield have minor effects on either of these wellfields. Water levels in
the Cape Coral wellifield will be approximately -40 ft. NGVD with drawdowns in
production wells estimated near -75 ft. NGVD. Under these pumping conditions,
the lower Hawthorn aquifer in Cape Coral will receive over 47% of its recharge
water in the form of leakance with greater leakance rates occurring at the
wellfields.

Figure 32 depicts the water levels in 1990 using an estimated population
of 56,850 (LCDCD, 1982) and an average pumpage of 10.53 MGD from the lower
Hawthorn aguifer. The average water levels in the Cape Coral wellfield area
will vary between 0 and —25. ft. NGVD. Orawdowns in the Sanibel and Pine
Istand wellfields are not affected by Cape Coral's additional withdrawal.

Figure 33 depicts a model ;imu]ation of the lower Hawthorn aquifer for the

year 1995 with a projected population of 101,300 (CCPD, 1983) and an average
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TABLE 10
POPULATION PROJECTIONS AND WATER USES
FOR THE LOWER HAHTHORN AQUIFER

POPULATICN PROJECTED WATER USE(MGD)3
YEAR cepot LCDCD? CCPD LCDCD
1985 54,500 47,800 16.10 8.85
1990 77,700 56,850 14.40 10.53
1995 101,300 65,700 19.11 12.17
2000 128,500 74,200 23.82 13.75
2005 159,400 78,950 29.54 14.63

1. CCPD - Cape Coral Planning Department
2. LCDCD - tee County Department of Community Development

3. Projected water use estimates assume all housing units will use R.0. water.
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daily pumpage from the Cape Coral wellfield of 19.1 MGD. Projected pumpage
rates at Sanibel were 2.0 MGD and 0.5 MGD at Pine Island. The cone of
depression caused by this withdrawal will expand outward, with water levels in
the Pine Island wellfield area reaching sea level. Within the area of the
Cape Coral wellfield water levels will vary between -20 ft. and -75 ft. NGVD.
Nearly 55% of recharge water will be contributed from leakance in Cape Coral
and water quality deterioration may then be a concern. Water Tlevels in
individual pumping wells may be greater than 100 feet below land surface in
the Cape Coral wellfield.

Figure 34 depicts the projected water levels for the year 1995 for a
population of 65,700 (LCDCD, 1983) and an average pumpage of 12.17 MGD. Water
Jevels within the Cape Coral wellfield area may vary between sea level and -36
ft. NGVD. The levels in the Pine Island we]]f%e]d area will be between +14
ft. and +17 ft. NGVD. No appreciable effects are noted in the Sanibel area
with water levels varying between +17 and +20 feet adjacent to the wellfield
area. Approximately 42% of the recharge water in this scenario is coming from
Jeakance. Even with this lower pumpage rate water quality may be of concern.

Figure 35 depicts the projected potentiometric surface in the year 2005
with a population of 159,400 (CCPD, 1983) and an average daily pumpage from
the Cape Coral wellfield of 29.54 MGD. Pumpage rates at Sanibel Isiand will
‘remain unchanged. Pumpage at Pine Island was modeled at 1.0 MGD. It should
be noted that by the year 2005 the mid-Hawthorn aguifer, which supplies Pine
Island with half its water, may no longer be usable so actual Pine is1and
pumpage could be over 2.0 MGD at this time. This would result in greater
drawdowns than shown in this model. Drawdowns near the center of the cone of
depression in the Cape Coral wellfield will be deepened to -115.0 ft. NGVD,
and the water levels in the area will be below =40 ft. NGVD. Drawdowns in the

Pine Island wellfield will be between 38 and 48 feet and water levels will
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average -10 ft. NGVD., Sanibei may experience 10 to 13 feet drawdown near
their wellfields with water levels averaging +17 ft. NGVD. The higher levels
at Sanibel aré due in part to'a decrease or leveling off of population growth
in that area.leakance accounts for 62% of the recharge in this scenario.

Figure 36 is a model projection for the year 2005 with a pumpage rate of
14.63 MGD and a popu]ationlof 79,000 (LCDCD, 1982). The outer rim of the cone
marked by the +30 ft. NGVD contour interval will be open to the west. Water
1e§e1s in the Cape Coral wellfield area will be approximately -60 ft. NGVD.
Pine Island water levels will be between +6 NGVD and +12 NGVD with an average
drawdown of 20 ft. in the wellfield area,

In summary, the results of these model simulations indicate that large
guantities of water can be withdrawn safely from the lower Hawthorn aguifer at
average daily rates not exceeding 10.5 MGD in the Cape Coral area. .At average
daily rates lower than this, there will be 1little effects on surrounding
users. Water quality deterioration may be the 1imiting factor on wellfield
development. Leakance accounts for over 50% of the water entering the cone of
depression and increases at higher pumpage levels, It is not possible to
determine the rate or degree of water quality degradation at this time.
Further investigations of the deeper aquifers of the area will be needed.

As previously discussed,' the aforementioned model could not be calibrated
to the 1984 potentiometric levels. This is probably due to either: a) the
value of hydraulic conductivity used to define leakance of the confining bed
(1 X 10-8 ft/sec.) was too 1afge for the transmissivity matrix (average T of
100,000 gpd/ft.) or b} the transmissivity values used are larger than those
which actually exist in the 1ower Hawthorn-aquifer.

The transmissivity values reported from the study area are largely derived
from tests conducted on both the lower Hawthorn and Suwannee aquifers

combined. - Of 12 values used only two were from the lower Hawthorn alone. The
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values from these tests were 15,600 gpd/ft. and 74,000 gpd/ft. The remaining
composite values ranged from 58,000 to 170,000 gpd/ft., the highest occurring
in the Cape Coral wellfield afea. The upper part of the Suwannee aquifer is
known to be a high producer of water and transmissivity values used in the
previously described model are probably being affected by this zone. There is
a possibility that transmissivities within the isolated lower Hawthorn aquifer
could be much lower than those previously used.

The hydraulic conductivity values may also be too high. Evidence fof this
is the presence of poorly indurated very low permeability micrites that were
obsgrved in well cores from the Cape Coral and Buckingham areas.

With these deficiencie§ ,of data in mind, two additional models were
developed to simulate the potentiometric surface with a) high transmissivity
and lower leakance, and with b) lower transmissivities and high leakance.

CaYibration of the two additional models were accomplished by comparison
of computed levels with known water e]e#ations from 12 USGS monitor wells for
1983-1984 (Table 11). The models were calibrated for both a 30 second and a
60 second grid. The reason being the 30 second grids showed model1-boundary
effects with increased pumpage. A good match was achieQed (Figure 37), an
both models with two areas of exceptions. The first area was on the southern
end of Pine Island at USGS monitor well L-2525. Water levels in this well
were 10 feet higher than that projected by the models. - The transmissivity
values in the matrix surrounding this node were varied significantly, with
only minor effects. Well construction details and geologic descriptions from
the well indicated that it was probably also open to the Suwannee aguifer
which has higher head. The other area of discrepancy was in the vicinity of
McGregor Isles, where water levels were lower than those projected by the
models. This is an area of known free-flowing artesian wells. A discharge
node was placed in this area which brought the water level down to that of
reported USGS monitor values.
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TABLE 11

COMPARISON OF ACTUAL AND COMPUTED WATER LEVELS FOR THE
: LOWER HAWTHORN AQUIFER; 1983-1984

COMPUTED WATER_LEVELS ACTUAL WATER LEVELS 83-84
WELL NO. MODEL 3 MODEL 4 RIGH LOW
L-585 25.8 21.1 . 30.9 29.4
L-558 16.4 19.8 21.0 16.0
L-589 15.0 22.3 ©25.0 17.0
L-590 21.6 16.0 25.0 16.0
L-2435 26.7 29.4 26.4 25.7
L-2524 13.8 18.6 21.0 11.5
L-2525 14.7 19.4 30.7 32.7
L-2526 30.4 35.9 42.0 40.8
L-2527 25.7 27.0 25.7 24.7
L-2528 25.1 29.0 37.0 36.0
L-2529 25.9 22.0 22.0 21.0
L-2434 5.9 15.7 17.0 4.0
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The first constant head model (calibrated) used transmissivity and storage
values derived from kriging and trend ana1ysi§.‘ The transmissivity averaged
100,000 gpd/ft. and storage 10-4, In order to calibrate this model a
hydraulic conductivity of 10-1! ft/sec. was required. This translates to an
approximate leakance of 10-6 gpd/ft3.

Figure 38 shows the projected potentiometric surface of the lower Hawthorn
aquifer for the year 1990 with an average daily pumpage of 14.1 million
gallons and a population of 77,700 (CCPD, 1983). Water levels in the Cape
Coral wellfield area will be approximately -75 ft. NGVD.- fndividual wells
will be pumping more than 100 feet below the land surface. A cone of
depression marked by the +15 ft. NGVD contour lines will surround an area from
Ft. Myers to offshore in the Gulf of Mexico. Water levels in the Pine Island
wellfield area will be between -15 ft. and -25 ft. NGVD. Sanibel wellfield
water levels will range between -5 ft. NGVD and -10 ft. NGVD. Leakance
contribution will be less than one percent :due to the low hydrau]ic
conductivity used in the model.

Figure 39 shows the projected potentiometrié surface of the lower Hawthorn
aguifer in 1990 based on an average daily pumpage of 10.5 MGD and a population
of 56,850 {LCDCD, 1982). The areal extent 6f this cone of depression is
virtually the same as the previous figure with water levels in the Cape Coral
wellfield area being near -60 ft. NGVD. Water levels in the Pine Isiand
wellfield range between -12 ft. and -17 ft. NGVD and in the Sanibel wellfield
area between +3 ft. and -4 ft. NGVD. Water level projections using this model
for the years 1995 and 2005 are shown in Appendix VI.

A second constant head model (calibrated) was developed that used an
average transmissivity of 50,000 gpd/ft., a storage of 10-4, and a hydraulic
conductivity of 10-8 ft/sec.
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Figure 38 PROJECTED POTENTIOMETRIC SURFACE OF THE LOWER
HAWTHORN AQUIFER, 1990 (CCPD AND REDUCED LEAKANCE)
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PROJECTED POTENTIOMETRIC SURFACE OF THE LOWER
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Figure 40 depicts the predicted potentiometric surface in 1990 with a
population in Cape Coral of 77,712 (CCPD, 1982) and an average daily water use
of 14.4 million gallons from the Cape Coral wellfield. The zero NGVD contour
has expanded to include all of the lower Hawthorn wellfields in the area.
Water levels in the Sanibel wellfield area will be below sea level. The Pine
Istand water Tevels will be in excess of -20 ft. NGVD. FElevation near the
center of the cone will range ¥rom -80 ft. to a -110 ft. NGVD.

Figure 41 depicts the projected water levels of the lower Hawthorn aquifer
for the year 1990 with an average daily pumpage of 10.5 MGD from the Cape
Coral wellfield. Water levels in the Pine Island wellfield area will range
between -10 ft. to -22 ft. NGVD. The Towest levels encountered in the Sanibel
wellfield is -7 ft. NGVD. Elevations near the center of the cone will be

about -80 ft. NGVD.

In comparison to the first model that uses a higher transmissivity and
higher hydraulic conductivity, this model shdws significant drawdowns in all
wellfields, directly caused by pumpage in Cape Coral. Leakance is near 40%
and coupled with these significant drawdowns may cause water quality
deterioration. A series of wet/dry season projected potentiometric surfaces
were prepared (Appendix VI) wusing the Lee County Division of Planning
population projections. These maps can be referred to as pumpage increases
over the coming years. [If the potentiometric surface in the area begins to
resemble these maps, pumpages should be reduced in the Cape Coral wellfield.
Therefore, an extensive monitoring network needs to be established in both the
lower Hawthorn and Suwannee aquifers.

In summary, the first predictive model presents the highest likelihood of
accurrence based upon the existing data. However, the existing data is more
representative of a combinatibn of the lower Hawthorn and Suwannee aquifers.

There is a possibility that the actual transmissivities of the isolated Tower
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Hawthorn aguifer are much lower, which would have a significant effect on

water levels and water quality throughout western Lee County.
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SUMMARY AND CONCLUSIONS

I. MID-HANTHORN

A. A two-dimensional groundwater flow model was developed and calibrated

to study the impact of various future withdrawal scenarios for this
aguifer.

The potentiometric surface elevation of the mid-Hawthorn agquifer
around Cape Coral has declined approximately 40-50 feet since pre-
development on a regional scale. Additionaily, drawdowns have
exceeded B0 feet within the wellfield. In addition, the model shows
that the mid-Hawthorn aquifer is currently being overstressed. Of the
total water pumped during 1984 (6.5 MGD), it is estimated that only 20
percent is derived from this aguifer. The remaining 80 percent comes
as leakance from other aquifers.

Out of the total pumpage of 6.5 MGD, it is estimated that as much as
3.9 MGD is used for lawn firrigation. It is estimated from current
trends that by the year 1995 the irrigation demand will increase to
6.2 MGD.

Presently, the source(s) and the guality of leakance water is unknown.
However, if it is determined that the primary source of leakance is
from the lower Hawthorn, the quality of the water in this aquifer will
deteriorate to below potable drinking water standards, some time in
the future.

II. LOWER HAWTHORN

A.

A two-dimensicnal groundwater flow model was developed and calibrated
to study the impact of future withdrawal scenarios from this aquifer.

The current existing information on aquifer parameters for the lower
Hawthorn aquifer are not adeguate for precise model calibration and
predictions. (Data from only two tests were representative of an
isolated lower Hawtharn aquifer.)

Based upon the limited existing data, the model indicates that as much
as 10.5 MGD may be withdrawn by Cape Coral with minimal impact upon
this aquifer. However, even this withdrawal will necessitate a
monitor system, because of uncertainties in the model results caused
by deficiencies in the existing areal hydraulic parameters.

When lower transmissivity values, which may be more representative of

the isolated lower Hawthorn aquifer are used in the wmodels, the
regional potentiometric decline is substantial.
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IT.

RECOMMENDATIONS

MID-HAWTHORN

A.

C.

The present excessive demand placed upon this aquifer is adversely
affacting its water levels. If additional stress is placed on the
aquifer, it could possibly cause permanent deterioration of this
resource in the future. Alternative sources of irrigation supply such
as, fresh canal water, Surficial Agquifer System, wastewater reuse, or
any combination of these should be implemented immediately to minimize
the adverse effects on this already overstressed resource. In
addition, alternative sources for municipal supply should also be
investigated and developed as soon as possible.

A study should be undertaken to determine the source(s) and quality of
leakance water entering the mid-Hawthorn aguifer.

A feasibility study of artificially recharging this aquifer despite
the possible unsuitability due to low hydraulic properties should be
investigated.

LOWER HAWTHORN

A.

Consideration of further withdrawals from the lower Hawthorn aquifer
should be made in phases based upon detailed investigation of previous
withdrawal impacts. One alternative for future consideration may be
to distribute future pumpage beyond 10.5 MGD in new wellfield

locations. This might minimize the Jlocalized steep cone of
depression.

Further investigation needs to be conducted to ascertain the actual
aquifer parameter values (transmissivity, storage and leakance) that
are representative of the lower Hawthorn aguifer.

Deep wells should be drilled to determine the exact nature of the
water quality in the lower Floridan Aquifer System.

Aquifer tests should be conducted on any new wells drilled in the
study area and hydrogeologic zones identified.

A monitor network that is approved by the District should be developed
for the lower Hawthorn aquifer to monitor the impact of additional
withdrawal from this resource.

A feasibility study of artificially recharging this aquifer in
conjunction with the mid-Hawthorn should be investigated.

The underlying Suwannee aquifer should also be investigated to

determine its potential for water supply purposes after desalination.
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